In dry acetonitrile, anhydrous Fe"'CI3 catalyzes the demethylation of N,N-dimethylaniline, the epoxidation of olefins, and the oxidative cleavage of 1-phenyl-1,2-ethanediol (and other 1,2-diols) by hydrogen peroxide. For each class of substrate the products closely parallel those that result from their enzymatic oxidation by cytochrome P-450. Because of (i) the close congruence of products, (ii) the 
FeHCI3 with H202 generates a highly electrophilic Fem-oxene species as the reactive intermediate. This is in contrast to the prevailing view that cytochrome P450 acts as a redox catalyst to generate an FeV-oxo species or an FeWv-oxo cation radical as the reactive intermediate.
The cytochrome P-450 enzymes catalyze a wide variety of substrate transformations (1) , including monoxygenation via oxygen atom transfer (Eq. 1).
RH + 02+ NAD(P)H + H+ 4 ROH + H20 + NAD(P)+ (RH = substrate) [1l These proteins consist of a single polypeptide chain (45-50 kDa) that contains an iron(III) protoporphyrin IX prosthetic group. The resting state of the enzyme is low spin, with a thiolate of cysteine in one axial position and a water molecule in the other (2) . The metal center is surrounded by hydrophobic protein residues, which provide an essentially nonaqueous matrix at the active site.
The exact sequence and nature of the electron-transfer steps that are involved in cytochrome P450 and its facilitation of oxygen-atom transfer have not been elucidated. However, in vivo cytochrome P450 utilizes molecular oxygen, which the system reduces by two equivalents to the peroxy level prior to transfer of an oxygen atom to substrate during the catalytic cycle. The fact that cytochrome P450 can utilize hydrogen peroxide, alkyl hydroperoxides, or peroxy acids as a source of oxygen atoms for substrate monoxygenation (a process termed the "peroxide shunt") (3) In a typical experiment, 0.1 mmol of Fe"'C13 (1 M in CH3CN) was added slowly over 1 min to a mixture of 1.0 mmol of substrate and 3.0 mmol of H202 [1 M H202 (98%) in MeCN]. The reaction mixture was held at -10°C with stirring for various reaction times, after which the product solution was added to 50 ml of NaCl-saturated H20. This was then extracted with 20 ml of diethyl ether and the latter was analyzed by use of capillary gas chromatography, GC-MS, and HPLC. RCH-CHR' + Fe"'C13(OH2) [2] The conversion of norbornene is stereospecific to the exoepoxide. For cis-stilbene, the cis-to-trans epoxide ratio is 2:1, but when the H202-to-substrate ratio is increased to 6:1, the cis-to-trans epoxide ratio increases to 4:1. Substitution of [Fe"'(H20)6d(Cl04)3 for Fe"'C13 decreases the overall conversion efficiency for cis-stilbene by a factor of 9 and yields no epoxide (PhCHO is the major product). Many of these derived from the attack on substrate by chlorine atoms, presumably from the direct oxidation of chloride ion by iodosylbenzene. However, catalytic olefin epoxidations have been observed in acetonitrile through the use of iodosylbenzene in conjunction with simple non-chloride-ligated iron(III) salts (8) .
RESULTS
In a manner that parallels cytochrome P-450, the Fe"' C13/H202/MeCN system demethylates N,N-dimethylaniline to form N-methylaniline and formaldehyde (Eq. 3).
Fe"'C13 + PhNMe2 + H202 -+ PhNHMe + H2C=O + Fe"'C13(OH2) [3] The same reactivity has been observed by use of an Fe(III) porphyrin/iodosylbenzene system and has been rationalized in terms of an "oxygen rebound" mechanism (9). For the latter an initial formation of an Felv-oxo porphyrin cation radical has been proposed, which abstracts a hydrogen atom from the methyl group of N,N-dimethylaniline to generate the N-methylene radical and a "crypto-hydroxyl" metal center. These recombine to form the observed products and regenerate the Fe(III) porphyrin center.
Finally, the Fe"'C13/H202/MeCN system also oxidatively cleaves 1,2-diols.
OH OH RCH-CHR' + Fe"'C13 + H202 RCHO + R'CHO + Fe"'C13(OH2)2 [4] The efficient oxidative cleavage of both PhCH(OH)CH2OH and PhCMe(OH)CMe(OH)Ph by the Fe"'C13/H202/MeCN system (Table 1) closely parallels the results from a recent study (10) 
H202
Fe"'C13 + H202 --Cl3FeI(Q)(OH2) -> Cl3Fe"'(OH2)2 + 02 [7] The high degree of electrophilicity and radical character of the oxene intermediate would facilitate hydrogen atom abstraction from substrates such as the methyl group of N,Ndimethylaniline to generate a "crypto-hydroxyl" metal center able to undergo the well-known "oxygen rebound" mechanism (4 NHE, respectively). Thus, we propose electrophilic oxygen atom transfer chemistry 'for the activated center of cytochrome P-450, (RS-)PorFe"(Q).
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